relation to cervical spondylosis, EOPLL, HPLL, and the degree of cord compression.
Operative Procedure
With the help of an operating microscope, drilling of the osteophyte and EOPLL and en bloc removal of residual OPLL and HPLL were performed by appropriate corpectomy; fixation was achieved by placing titanium interbody cages (porous CCM; A-Spine, Tokyo, Japan). The cylindrical-shaped threaded interbody fusion cages are available in sizes from 6 to 14 mm in inner diameter. We placed a single cage larger than 10 mm in the corpectomy defect and twin cages smaller than 8 mm for the discogenic disease. After reaming of the adjacent VBs following appropriate discectomy, decompression was performed by removing the EOPLL and HPLL (the disc-PLL complex). The interbody fusion cage was filled with bone chips obtained from the vertebrae or with hydroxyapatite granules and then inserted into the space as a graft. Postoperatively, the patients wore a cervical soft collar for 4 weeks. Follow-up examinations were performed 6 months after the operation.
Pathological Examination
The surgical specimens were analyzed using hematoxylin and eosin staining to confirm the diagnosis and to analyze the associated pathological changes of the ligament.
RESULTS

Surgery-Related Outcomes
The anterior approach was used to remove the EOPLL and HPLL, and subsequent reconstruction of the cervical column was performed in all cases. The mean preoperative JOA score (Table 1 ) was 12.6, and the JOA score increased to 14.4 postoperatively (out of a possible score of 17). There were no cases of neurological deterioration after the operations. No spinal cord or nerve root injuries or infections were demonstrated, although minor cerebrospinal fluid leakage occurred in two cases. A small dural laceration was repaired by placing fascia and Surgicel combined with fibrin glue. Satisfactory removal of the lesions was achieved through the space of an appropriate corpectomy, and no second operation for further decompression was necessary. Of 21 patients in whom with a minimum of 1 year follow-up data were available, fusion was achieved in 95%. The following criteria were used to indicate successful fusion: 1) the absence of motion on flexion-extension radiographs and 2) the absence of any dark halo around a cage on both anteroposterior and lateral radiographic views.
Radiological Evaluation
Identification of EOPLL was quite problematic on plain lateral radiographs because of overlapping of posterior osteophytes and focal ossification at the posterior margin of the vertebral body. On CT scans, EOPLL was indicated by a high density mass at the central posterior margin of the VB, whereas HPLL was demonstrated as slightly high to isodensity mass. Sagittal reformations of 3D CT scans were useful for identifying the longitudinal extension of EOPLL originating at the posterior margin of the VB. On T 1 -weighted MR images, EOPLL and the spondylosis mass were revealed as hypointense lesions, whereas HPLL was observed as an isointense lesion. The quality of T 1 -weighted MR imaging was superior to that of T 2 -weighted imaging in the differentiation of the spondylotic lesion, EOPLL, and HPLL contributing the cord compression. Sagittal MR imaging clearly revealed the expansion of cord compression due to the disc-PLL complex at the mid-VB levels beyond the disc spaces. The most severe cord compression was seen at the disc spaces. We have attempted a classification of OPLL of the cervical spine including EOPLL on the basis of these radiological findings (Fig. 1) .
Histological Evaluation
Twelve specimens were evaluated to determine the pathological changes of the disc-PLL complex. Examination of the cervical spondylosis associated with the EOPLL showed herniated intervertebral discs bulging into the deep layer of the PLL with relatively clear demarcation. The PLL contained foci of ossification and associated chondroid tissue in which hyalinoid degeneration was demonstrated. There was prominent assembly of small vessels between the deep and superficial layers of the ligament. The margin between ossification and subsequent HPLL was indistinct. Interestingly, ossification was more frequent in the superficial layer rather than the deep layer of the ligament. 
ILLUSTRATIVE CASES
Case 1
This 54-year-old man was admitted to our hospital with a 3-month history of progressive gait disturbance. Neurological examination demonstrated weakness of wrist extension and flexion, clumsiness of fingers, numbness below C-7, hyperreflexia of knee and ankle jerks, and spastic gait. His preoperative JOA score was 9. Cervical radiography revealed spondylotic change at C5-6. A CT study demonstrated a bilateral osteophytic spur at C5-6 and small EOPLL at C-6. An MR imaging study disclosed a herniated intervertebral disc, osteophytic spur, OPLL, and associated HPLL causing increased cord compression from C-5 to C-6. Anterior decompression was performed in which the disc-PLL complex was removed and a 12-mm-diameter titanium interbody fusion cage was placed (Fig. 2) . The 6-month follow-up JOA score was 13. The surgical specimen showed thickened PLL with ossification and hyalinoid degeneration with ruptured disc material (Fig. 3) .
Case 2
This 51-year-old man was admitted to our hospital with an 8-month history of upper-extremity numbness. Neurological examination demonstrated clumsiness of fingers, hypesthesia in the C-7, C-8, and T-1 region, hyperreflexia in the knee and ankle jerks, and spastic gait. His preoperative JOA score was 12. Cervical radiograph revealed loss of lordosis and spondylotic changes at C4-5, C5-6, and C6-7. Both CT and 3D CT scans demonstrated EOPLL at C-5 and C-6 and HPLL at C-5. An MR imaging study disclosed cord compression at the C4-5 disc space and extensive cord compression at C5-6. Anterior decompression was performed in which the C5-6 disc-PLL complex and C4-5 osteophyte were excised. Placement of two 7-mmdiameter cages at C4-5 and a single 12-mm-diameter cage at C5-6 was then performed (Fig. 4) . The patient's 6-month JOA score was 16. Examination of the surgical specimen showed thickened PLL with focal ossification and degenerated ligamentous fibers (Fig. 5) .
DISCUSSION
Pathophysiology of OPLL
Ossification of the posterior longitudinal ligament in the cervical spine is a well-known clinical entity that causes symptomatic spinal cord compression, not only in Japan but also in North America. 1, 7, 15, 18, 19, 21, 25, 26, 31 Although many investigators have proposed various theories regarding the formation of OPLL, 10, 12, 13, 14, 18, [28] [29] [30] 32, 34 the exact induction mechanism of ossification in the PLL remains unclear. We are not even certain of the difference among each of the four types of OPLL (segmental, continuous, mixed, others), 9 nor how segmental OPLL grows into continuous or mixed OPLL. One of the characteristics of segmental OPLL is its association with herniated intervertebral discs and cervical spondylotic changes. [32] [33] [34] This phenomenon supports the assumption that the local mechanical stress imposed on the PLL by compression of herniated intervertebral discs together with minor neck trauma might cause the PLL to degenerate; enchondral ossification may be subsequently induced at the posterior margin of the VB. Ultimately, this ossification becomes radiographically evident as segmental OPLL behind the VB.
The Disc-Posterior Longitudinal Ligament Complex
Apart from classic segmental OPLL, symptomatic focal ossification at the posterior margin of the VBs has been documented as OPLL in evolution, 5 HPLL, 20 and advanced cervical spondylosis with EOPLL. 3 The concept of these abnormalities of the disc-PLL complex implies thickened PLL containing foci of ossification together with cervical spondylosis, which cause compression of the spinal cord not only at the endplate level but also in the
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Anterior decompression for cervical spondylosis midvertebral level. The most striking difference in the anatomical location between EOPLL and classic segmental OPLL is that EOPLL is formed focally at the posterior margin of the VBs, whereas classic segmental OPLL occurs behind the VBs. To understand and identify EOPLL more thoroughly, we want to emphasize the introduction of EOPLL associated with cervical spondylosis as an initial formation of ossification in the PLL as shown in Fig. 1 .
In the patients in our series with cervical spondylosis associated with EOPLL no significant differences were shown from classic OPLL in terms of age, sex, preoperative symptoms, or surgery-related outcomes, 15, 20, 24, 26 although Epstein 3, 5 has reported that patients with OPLL in evolution were significantly younger than those with classic OPLL and that the male/female ratio was approximately 2:1. We assume that EOPLL is an ultimate product of degenerated PLL stimulated by bulging of a herniated intervertebral disc, which is commonly observed in the middle-aged population. Thus, cervical spondylosis associated with EOPLL is observed more frequently in the elderly rather than younger populations.
Radiological Manifestations
It is essential to evaluate the CT findings of the disc-PLL complex, particularly those observed on 3D CT studies. Plain lateral cervical radiographs are least useful to identify EOPLL and HPLL in association with cervical spondylosis. The T 2 -weighted MR imaging studies poorly differentiated EOPLL from cervical spondylosis because of similarities in signal intensity. Magnetic resonance imaging in which T 1 -weighted sequences are obtained is useful to differentiate each component of the disc-PLL complex. Hypertrophy of the PLL contributing to the expansion of the cord compression is revealed as a slightly high-intensity or isointensity signal on T 1 -weighted MR imaging or a slightly higher density mass than that of OPLL on CT studies. Meticulous evaluation of neuroimaging-documented HPLL associated with EOPLL and cervical spondylosis with extended cord compression is essential to differentiate the reactive focal thickening of the PLL only at the disc space, which is commonly seen in cases with discogenic disease.
Choice of Surgical Procedure
In cases of cervical spondylosis anterior decompressive surgery and fusion is mandatory for resection of EOPLL. Although EOPLL appears as a focal mass of the posterior margin of the VBs on neuroimaging, associated pathological thickening of the PLL is common. 3, 20 Therefore, microsurgical direct excision of the disc-PLL complex by central vertebrectomy should be performed and followed by interbody cage fixation. The PLL may be incised after discectomy if it is incomplete to obtain satisfactory decompression. Although we performed anterior procedures in all cases because they were one-to two-segment EOPLL, we may perform laminectomy or laminoplasty in multisegmental cases in which more than three levels are
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Anterior decompression for cervical spondylosis 5 Fig. 4 . A: Cervical radiograph revealing kyphotic deformity with moderate spondylotic change at C4-5 and C5-6. B-D: Sagittal and axial 3D CT and CT studies demonstrating: EOPLL (arrowheads) at the posterior margin of C-5 and C-6 VBs, posterior osteophytes (arrows) and HPLL (white arrowheads) at C-5. E: Sagittal T 2 -weighted MR image revealing moderate cord compression due to a spondylotic lesion at C4-5 and extensive cord compression with intramedullary high intensity due to spondylosis and EOPLL with associated HPLL at C5-6. F and G: Transverse T 1 -weighted MR images demonstrating deformity of spinal cord due to the disc-PLL complex that consists of herniated intervertebral disc (arrow), EOPLL (arrowhead), and HPLL (white arrowhead). H: Postoperative cervical radiograph after removal of the osteophyte at C4-5 and the C5-6 disc-PLL complex and interbody cage fixation.
involved. Progression of OPLL after laminoplasty or laminectomy, however, has been reported by the several authors; 9,11,27,36 therefore, we suggest that EOPLL in cases of cervical spondylosis involving fewer than two levels should be treated by anterior procedures to avoid symptomatic progression or recurrence of OPLL.
Microsurgical Removal of EOPLL
We encountered two cases of minor cerebrospinal fluid leakage during removal of the disc-PLL complex from the underlying dura mater. Long-standing dural compression by EOPLL and HPLL may show dense adhesion with the dura mater. Careful attention should be paid to microsurgical separation of EOPLL and HPLL from the dura. The area of ossification was focal but frequently associated with HPLL rostally and caudally. Therefore, appropriate corpectomy is necessary, and the residual compression behind the midvertebral portion should be identified by inserting angulated curettes or microdissecters after removal of the disc-PLL complex at the corpectomy site. Unlike classic OPLL, EOPLL did not extend into the farlateral portion of the spinal canal, and C-5 paresis was not encountered in our series.
CONCLUSIONS
Cervical spondylosis associated with EOPLL may be categorized as an early form of classic segmental OPLL. This lesion frequently coexists with subsequent HPLL. The disc-PLL complex makes one unit that compresses the spinal cord more extensively and severely than simple cervical spondylosis in which there is focal reactive degeneration of the PLL. An appropriate corpectomy is essential for satisfactory decompression in this clinical entity. 
